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BOTANY.—New plants mainly from western South America—Il1. 
Extswortu P. Kruurp, U. 8. National Museum. 


In the present paper eight new species of plants are described, five of 
which belong to the genus Tropaeolum. Two excellent treatments of 
this genus have been published, one a monograph of the entire genus 
by Buchenav? and the other a revision of the group with serrate-ciliate 
petals by D. K. Hughes.® 


Urtica longispica Killip, sp. nov. 


Urtica ballotaefolia macrostachya Wedd. in DC. Prodr. 16': 48. 1869; 

not Urtica macrostachya Wall. 

Described as a variety of Urtica ballotaefolia Wedd. this plant appears to 
be sufficiently distinct to rank asa species. The spikes are much longer than 
in U. ballotaefolia and the achenes much smaller. The following specimens 
have been examined: 

CotomBia: Cundinamarca: San Antonio, Goudot (Paris, rypz). Caquetd: 
Balsillas Mountains, Ariste Joseph B 104 (U. 8S. N. M.). Norte de San- 
tander: Western slope of Pdramo del Hatfco, alt. 2800 meters, Killip 
& Smith 20727 (U. 8. N.M.). Caldas: Salento, alt. 2800 meters, Pennell 
9346 (U.S. N. M.). El Cauca: Rfo Paez basin, alt. 2500-3000 meters, 
Pittier 1379 (U. S. 'N. M.). Mount Puracé, alt. 3200 meters, Pennell 
& Killip 6671 (U.S. N. M.). 


Escallonia lepidota Killip, sp. nov. 


Branchlets puberulent; petioles up to 5 mm. long; leaves oblanceolate or 
oblong-spatulate, 3 to 6 cm. long, 1.5 to 3 cm. wide, rounded or acutish at 
apex, cuneate at base, closely serrulate, dark green and pilosulous above, paler 
and copiously covered with white scales beneath; flowers in a compact 
terminal raceme, 5 to 7 mm. long, 2.5 to 3 cm. wide, the pedicels up to 5 mm. 
long, lepidote; floral leaves none; calyx narrowly turbinate-campanulate, 
about 4 mm. long, 3 mm. wide at throat, densely lepidote, the teeth linear- 


1 Published by permission of the Secretary of the Smithsonian Institution. For Part 
I of this series see this JourNaL 16: 565-573. 1926. Received March 25, 1929. 

? Pflanzenreich 4, pt. 131: 1-36. 1902. 

3 The “‘serrato-ciliata’”’ group of Tropaeolum. Kew Bull. Misc. Inf. 1922: 63-85. 
1922 
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subulate, 1 to 1.5 mm. long; petals linear-spatulate, 8 to 10 mm. long, 1 mm. 
wide at base, 2 mm. wide at the rounded, at length reflexed, apex, apparently 
white, with cbnspicuous dark veins; stamens and pistil 6 to 7 mm. long, the 
stigma slightly bilobed. 

Type in the U. S. National Herbarium, no. 1,283,656, collected at San 
Carlos, central Chile, February, 1926, by Brother Claude Joseph (no. 3867). 

This is related to E. arguta Presl and E. leucantha Remy, but is at once 
distinguished by the conspicuous white scales on the pedicels, calyx, and 
under side of the leaves, and by the absence of floral leaves. 


Escallonia patens (R. &. P.) Killip 


Stereoxylon patens R. &. P. Fl. Peruv. & Chil. 3: 13. pl. 234, fig. b. 1802. 

This has been confused with E. myrtilloides L. f. from the northern Andes, 
but is certainly distinct. Specimens examined are: 

Peru. Prov. Huanta: Tambo, 3200 meters, Weberbauer 5585 (Field Mus.). 
Prov. Moquegua: Carumes, 3300 meters, Weberbauer 7267 (U.S. N. M., 
Field Mus.). 

Tropaeolum flavipilum Killip, sp. nov. 


Scandent herb; stem slender, short-villosulous throughout with yellowish 
hairs; stipules none; petioles 3 to 6 em. long, subcirrhose, villosulous like 
the stem; leaves broadly lance-ovate in general outline, 4.5 to 5.5 cm. long, 
4.5 to 5 cm. wide, 3-lobed (lobes rounded or obtuse, the lateral much reduced, 
the middle lobe triangular-ovate, about 2 cm. wide at base), truncate or 
slightly convex at base, 5-nerved, peltate (proportion above petiole to below 
petiole 4 or 5: 1), densely appressed-pilose on both surfaces with yellowish . 
hairs, red-mottled beneath; peduncles about 6.5 cm. long, cirrhose; flowers 
5.5 em. long, finely pilosulous without; spur about 4.5 cm. long, 0.8 cm. wide 
at base, straight, gradually tapering to apex, pink; sepals broadly ovate, about 
8 mm. wide, obtuse, green; petals 5 to 6 mm. long, unguiculate-spatulate, 
truncate and ciliate-serrate at apex, deep purple; the upper petals about 4 mm. 
wide, the lower about 3 mm. wide. 

Type in the U. 8. National Herbarium, no. 1,351,868, collected near Las 
Vegas, Department of Santander, Colombia, altitude 2800 meters, December 
23, 1926, by E. P. Killip and Albert C. Smith (no. 16095). 


This resembles somewhat the Ecuadorean species T. adpressum Hughes, 
but the leaf lobes are rounded, the flowers larger, and the indument is denser 
and is yellow rather than white. 


Tropaeolum concavum Killip, sp. nov. 


Scandent herb, glabrous throughout; stems slender; stipules none; petioles 
very slender, 5 to 9 cm. long, subcirrhose; leaves depressed-orbicular in general 
outline, 4 to 4.5 cm. long, 5 to 6 cm. wide, angulately 5-lobed (lobes obtuse, 
not mucronulate, the lower reduced), concave at base, peltate (proportion 
above petiole to below petiole 7: 1), pale and minutely papillose beneath; 
peduncles filiform, 3 to 3.5 cm. long, cirrhose; flowers 2.5 cm. long; spur 1.5 
cm. long, 3 mm. wide at apex, very slightly curved, red; sepals oblong, 5 to 6 
mm. long, 4 mm. wide, obtuse, red; petals yellow (?), cuneate-spatulate, 6 
mm. long, 3.5 mm. wide, serrate-ciliate at the truncate apex, yellowish (?), 
the upper gradually, the lower abruptly tapering to an unguiculate base. 

Type in the herbarium of the New York Botanical Garden, collected at 
Angelopolis, near Medellin, Department of Antioquia, Colombia, January 22, 
1928, by R. A. Toro (no. 890). 

Related to T. fintelmanni Wagener, but with proportionately longer, 
distinctly lobed leaves, which are deeply concave at base. 
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Tropaeolum septangulum Killip, sp. nov. 


Scandent herb, glabrous throughout; stem slender, the internodes 3 to 6 
cm. long; stipules none; petioles 3 to 6 cm. long, subcirrhose; leaves rounded- 
ovate, 3.5 to 4.8 cm. long, 3.5 to 5 cm. wide, shallowly and broadly 7-lobed 
(central lobes callous-thickened at apex), peltate (proportion above petiole to 
below petiole 3 to 3.5:1), straight or very slightly convex at base, pale and 
reddish-blotched beneath, epapillose; pedicels ahout 7 em. long, slender, 
subcirrhose; flowers 3 to 3.5 cm. long; spur 2 to 2.5 cm. long, about 5 mm. in 
diameter at base, abruptly tapering at middle to a very slender apex, straight 
or slightly curved, yellow at base, green at apex; sepals erect, broadly ovate, 
7 to 8 mm. long, 6 to 7 mm. wide, obtuse, red; upper petals ovate-oblong, 
10 mm. long, 3 to 4 mm. wide, unguiculate, aristate-lobed, ciliate to base, 
yellow proximately, red distally; lower petals oblong-spatulate, 7 to 8 mm. 
long, 3 mm. wide, aristate-lobed above, red. 

Type in the U. S. National Herbarium, no. 1,355,568, collected along the 
western side of the Culagd4 Valley, north of Labateca, Department of Norte 
de Santander, Colombia, altitude 1,480 to 1,550 meters, March 12, 1927, by 
E. P. Killip and Albert C. Smith (no. 20539). 


In the shape of the leaves, with the callous-thickened lobes, this species 
strongly resembles 7’. moritzianum K1.; but in 7. septangulum the petals are 
distinctly aristate-lobed, not merely ciliate-serrate, resembling, in this 
respect, the petals of species no. 30-38 in Buchenau’s monograph.’ 


Tropaeolum macrophyllum Killip, sp. nov. 


Scandent herb; stem slender, rather sparsely (or at nodes densely) hirsute 
with hyaline hairs; stipules none; petioles slender, 6 to 7 cm. long, subcirrhose, 


hirsute like stem at base, otherwise glabrous; leaves orbicular-ovate, 7 to 8 cm. 
long, 7 to 8.5 cm. wide, 5-lobed (lobes broadly obtuse, the middle lobe broadly 
ovate, pronounced, the lower lobes reduced), convex at base, peltate (propor- 
tion above petiole to below petiole ‘about 3:1), thin-membranous, glabrous, 
bright green on both surfaces, mottled with red and epapillose beneath; 
peduncles very slender, pubescent like the petioles; flowers about 5.5 cm. 
long, sparingly pubescent with crispate hyaline hairs; spur 4.5 em. long, 7 
mm. wide at base, straight, yellow-green at apex, pinkish red elsewhere; 
sepals broadly ovate, about 7 mm. wide, obtuse, pinkish red; petals not 
exserted, 5 to 7 mm. long, deep purple, dentate-ciliate above, the upper 
cuneate-spatulate, the lower ovate, short-unguiculate at base; filaments deep 
purple; anthers gray-pink. 

Type in the U.S. National Herbarium, no. 1,352,739, collected at California, 
Department of Santander, Colombia, altitude 2200 meters, January 13, 1927, 
by E. P. Killip and Albert .C. Smith (no. 17093). 


This is nearest 7. coccinewm Hughes, though because of the pubescent 
flowers it would scarcely fit into that branch of Miss Hughes’ key.* The 
differences between the two species may be shown thus: 


Leaves less than 6.5 cm. long and wide, 3-lobed, the central lobe acute; 


flowers glabrous; upper petals spatulate-oblong. 
T. COCCINEUM. 


Leaves more than 6.5 cm. long and wide, 5-lobed, the lobes broadly obtuse; 


flowers pubescent; upper petals cuneate-spatulate. 
T, MACROPHYLLUM. 


Tropaeolum huigrense Killip, sp. nov. 


Scandent herb; stem softly pilosulous with white crispate hairs, at length 
glabrous; stipules none; petioles 3 to 5 cm. long (the lower up to 25 em. long), 
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pubescent like the stems, or glabrous; leaves suborbicular, 2.5 to 4.5 cm. 
long, 3 to 5.5 cm. wide (lower leaves up to 12 em. long, 13 cm. wide), 7-lobed 
(all but central lobe much reduced, the lobes broadly rounded, submucronu- 
late), truncate or slightly undulate at base, peltate (proportion above petiole 
to below petiole 11:5), softly pilosulous with crispate hairs on both surfaces, 
paler beneath; flowers 1.5 to 2 cm. long, finely and softly pilosulous with 
crispate hairs; spur 1 to 1.2 cm. long, 1.5 mm. wide at base, slightly curved, 
yellow, green at apex; sepals narrowly oblong, 8 to 10 mm. long, 2 mm. wide, 
obtuse, greenish yellow; petals yellow, with orange veins, the 2 upper ovate- 
spatulate ones 10 to 11 mm. long, 5 mm. wide, gradually tapering to an un- 
guiculate base, the '3 lower, 9 to 10 cm. long, suborbicular in upper third, 
crispate at apex, abruptly narrowed, the lower two-thirds narrowly linear, 
long-ciliate at margin just below the dilated portion. 

Type in the U. 8S. National Herbarium, no. 1,022,061, collected in the 
vicinity of Huigra, Province of Chimborazo, Ecuador, August 28, 1918, by 
J. N. Rose and George Rose (no. 22408). Additional specimens, from the 
same locality, are Hitchcock 20618 and Rowlee & Mizter 1182. 


The general shape of the leaves of this species and especially the crispate 
indument are strongly suggestive of 7. peltophorum Benth. In Buchenau’s 
key this species clearly would come next to 7’. peltophorum because of the fact 
that the lower petals are entire at apex and strongly ciliate below the dilated 
portion. Otherwise the flowers are quite different; in 7. huigrense the 
flowers are yellow and the spur about 1 cm. long and only 1.5 mm. wide at 
base; in 7’. peltophorum the flowers are scarlet, green at the tip of the spur, and 
the spur is 2 cm. long, gradually enlarging to 3 mm. wide at base. 


Tropaeolum hughesae Killip 


Tropaeolum trilobum Hughes, Kew Bull. Misc. Inf. 1922: 85. fig. A (p. 84). 
1922; not 7’. trilobum Turcz. (1858). 
Type locality: Afradita, near Fusagasuga, Department Cundinamarca, 
Colombia (André 1386). 
Additional specimen examined: CoLoms1a: El Pefion, southwest of Sibaté, 
Department Cundinamarca, altitude 2800-2900 meters, Pennell 2412. 


Loasa vestita Killip, sp. nov. 


Erect suffruticose herb, about 1 meter high, the stem 1 cm. thick at base, 
densely white-pilose with subreflexed hairs and sparingly setose below, rufo- 
pilose and densely setose above; leaves subsessile, lanceolate or oblong- 
lanceolate, 3 to 14 cm. long, 1.5 to 4 cm. wide, acute at apex, rounded or 
acutish at base, pinnately lobed (or the upper merely dentate), thick, rugose, 
hispid above, densely hirsute on the nerves beneath with appressed white or 
yellowish brown hairs, sparingly setose; pedicels recurved or ascending, up to 
2 cm. long, setose; calyx broadly obconic, 0.5 to 1 em. long, 0.7 to 0.8 cm. in 
diameter at throat, densely setose, the lobes ovate-lanceolate, 6 to 8 mm.‘long, 
acute; petals concave, 1.5 to 2 em. long, abruptly narrowed below middle, 
strongly setose on the nerves without, white; scales triangular-ovate, 6 to 7 
mm. long, bisaccate toward base, callose-thickened above middle, deeply 
bifid at apex (teeth about 2mm. long), white, transversely banded with blood- 
red; staminodia 2 with each scale; stamens about 50, the filaments 1 cm. long, 
anthers oval, 1 mm. long; capsule cylindric-obconic, up to 2.5 cm. long. 

Type in the Field Museum of Natural History, no. 562,511, collected on 
grass steppe, near Huaillay, north of Huanta, Province of Huanta, Depart- 
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ment of Ayacucho, Peru, altitude 3500 to 3600 meters, March 13, 14, 1926, 
by A. Weberbauer (no. 7591). Duplicate in the U.S. National Herbarium. 

In Urban and Gilg’s monograph of Loasaceae this species would come be- 
tween Loasa poissoniana Urb. & Gilg and L. schlimiana Pl. & Linden. From 
both it is readily distinguished by the very dense, white or brown indument 
on the under side of the leaves. 


Tournefortia curvilimba Killip, sp. nov. 


Branchlets sulcate, finely rufo-hirsutulous; petioles 3 to 4 cm. long, canalic- 
ulate above, glabrescent; leaves alternate, ovate-oblong, 12 to 15 cm. long, 
6 to 7 cm. wide, attenuate-acuminate at apex, acute and subdecurrent at 
base, undulate, penninerved (lateral nerves 10 to i2 pairs), reticulate-veined, 
glabrous, finely and sparsely pilosulous with whitish hairs; inflorescence 
terminal, dichotomous, the flower-bearing portion of the branches about 5 
cm. long, though apparently,not fully developed; flowers short-stipitate; 
calyx lobed nearly to base, the lobes linear-lanceolate, 4 to 5 mm. long, 1 
mm. wide at base, glabrous or with a few fine whitish hairs; corolla 8 to 10 mm. 
long, the tube about 2 mm. in diameter, the limb 6 to 7 mm. wide, strongly 
recurved, the lobes obtuse; stamens borne near middle of tube; anthers 
linear, about 2 mm. long; stigma subsessile. 

Type in the herbarium of the Botanical Museum, Upsala, collected at 
El Chaco, Province Sur Yungas, Department La Paz, Bolivia, altitude, 1900 
meters, December 3, 1920, by E. Asplund (no. 1360). 

Allied to 7. undulata R. & P., which it rather closely resembles in foliage, 
the proposed species is distinguished by larger flowers, the limbs of which are 
strongly recurved, and by more elongate anthers and a subsessile stigma. 


BOTANY.—A new species of Aristida from Florida.' Jason R. 
SwWALLEN, Bureau of Plant Industry. (Communicated by A. S. 
HiTcHcocK.) 


In a collection of grasses recently received for identification at the 
Grass Herbarium of the U. 8. Department of Agriculture from Dr. Paul 
Weatherwax, there was an unusual species of Aristida. The North 
American species of this genus were revised in 1924 by Professor A. 8. 
Hitchcock,? and Dr. J. Th. Henrard* has published a study of the types 
of Aristida for the whole world, preliminary to a monograph of the 
genus. Since the species sent by Dr. Weatherwax is not accounted 
for in either of these works, it may be described as new. It differs 
from most species of Aristida in the presence of rhizomes, which 
character suggests the specific name. 


1 Received April 2, 1929. 

? Contr. U. 8. Nat. Herb. 22, pt.7. 1924. 

3 A critical revision of the genus Aristida. Med. Rijks Herb. Leiden 64: 1-220. 1926; 
654A: 221-464. 1927; 54B: 465-701. 1928. 
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Fig. 1.—Aristida rhizomophora, base of plant, } nat. size; spikelet, X 2 dia.; two views 
of callus, < 10 dia. 


Aristida rhizomophora sp. nov. 


Plants perennial; culms tufted, simple, erect, 65 to 80 cm. tall, producing 
well developed scaly rhizomes; leaves one or two, the lower internodes short; 
sheaths persistent, becoming fibrous with age, smooth, with a tuft of hairs at 
the mouth, especially on those of the innovations, nearly lacking on those of 
the culm; liguie nearly obsolete; blades firm, flat or folded, somewhat scabrous 
above, smooth beneath, 7 to 10 cm. long, 1 to 2 mm. wide, those of the innova- 
tions flexuous, as much as 30 cm. long; panicle flexuous, 20 to 30 cm. long, the 
branches two at a node, distant, flexuous, somewhat spreading, few-flowered, 
spikelet-bearing from near the base, the lower ones as much as 7 cm. long; 
glumes acuminate and usually awned, the awn 1 to 6 mm. long, the first 1 to 
3-nerved, 8 to 14 mm. long, the second 1-nerved, 12 to 17 mm. long including 
the awn; lemma glabrous, 9 to 12 mm. long, the callus 1 mm. long, sharp- 
pointed, short-bearded on the sides above, the awns scabrous, flexuous, curved 
or loosely twisted at the base, spreading, the central often reflexed by a 
semicircular bend, 18 to 24 mm. long, the lateral 15 to 20 mm. long. 

Type in the U. 8. National Herbarium, no. 1,435,634, collected in the 
prairie region north of Lake Okeechobee, near Fort Bassenger, Florida, June 
30, 1928, by Dr. Paul Weatherwax (no. 1081). 
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The other North American species of Aristida which produce rhizomes are 
A. stricta Michx., and A. patula Chapm. In the former they are exceptional 
(Garber in 1877, Hitchcock 19767, Standley |13076, and Weatherwax 1088) and 
such specimens can be distinguished from A. rhizomophora by the strict 
panicle with more numerous, smaller spikelets, and the dense pubescence on 
the upper surface of the blades near the base. In the latter they occur 
frequently, but the species, which belongs to a different group, has large 
panicles with stiffly spreading branches, as much as 20 cm. long, naked 
below. 

In the form of the panicle and spikelets, A. lanosa Muhl. resembles A. 
rhizomophora, but the plants are stouter, usually solitary, with densely 
lanate pubescent sheaths and flat blades, as much as 4 mm. wide, tapering to 
a fine involute point. 


BOTANY.—A diminutive new hollyfern from Ecuador... WILLIAM 
R. Maxon, U.S. National Museum. 


Among some plants collected in the Andes of Ecuador by H. E. 
Anthony and G. H. H. Tate in 1923, and submitted to the U. S. 
National Herbarium for identification, is the following hollyfern, 
which seems never to have been described. 


Polystichum pumilio Maxon, sp. nov. 


Rhizome (incomplete) relatively stout, 2.5 cm. long, about 3 cm. in 
diameter, decumbent, conspicuously paleaceous; scales thin, lustrous, ferrugi- 
nous in mass (discoloring with age), mostly oblong-ovate to broadly oblong- 
attenuate, hair-pointed, the margins laxly and distantly long-fibrillose, some 
of the underlying scales narrowly lance-attenuate, subdenticulate toward the 
apex. Fronds several, closely cespitose, erect from a curved base, 10-17 em. 
long, the stipes short (2-5 cm. long), 1-1.5 mm. thick above the base, palea- 
ceous, the scales broad, mostly erose-denticulate and freely fibrillose; blades 
narrowly lance-attenuate, 8-12 cm. long, 1.5-2 cm. broad in the lower part, 
bipinnate; rachis strongly paleaceous, the scales large, spreading, similar to 
those of the stipe but soon fuscous; pinnae 25-30 pairs, contiguous, slightly 
oblique, those of the lower half 9-12 mm. long, elongate-triangular from a 
subequilateral base (here 6-7 mm. broad), pinnate, with 4 or 5 pairs of spread- 
ing or reflexed, inequilateral, deeply concave, subdistant segments, the leaf 
tissue dull green, subcoriaceous, bearing a few minute fibril-like scales; 
segments spatulate to rounded-trapeziform, cuneate at base, unequal, the 
distal basal one largest, bilobed (the minute rounded distal auricle rarely 
free), the others simple; upper pinnae gradually simpler, with broad acutish 
or rounded subentire tips, much reduced, those of the attenuate tip minute; 
margins subentire or remdtely dentate; sori small, apparently exindusiate, 
solitary in the smaller segments, 4 or 5 in the larger ones, 

Type in the U. 8. National Herbarium, no. 1,424,988, collected at Urbina, 
Chimborazo, Ecuador, at an altitude of 3,475 meters, Oct. 22-28, 1923, by 
H. E. Anthony and G. H. H. Tate (no. 394). 


1 Published by permission of the Secretary of the Smithsonian Institution. Received 
March 23, 1929. 
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Fia. 1.—Polystichum pumilio Maxon. Natural size 
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Polystichum pumilio belongs to the Andean group of P. polyphyllum Presl 
and is perhaps most closely related to that species itself. From P. poly- 
phyllum, however, using that name even in its most inclusive conventional 
sense, it differs widely in its wholly non-spinulose and really minute segments. 
Although a dwarf in stature, it seems normal in every respect and gives no 
indication of being a reduced form of some species which normally grows to 


large size. 


ZOOLOGY.—Initial stratigraphic survey of nemas in the upper 20 mm. 
of marine beach sand, near low tide mark. N. A. Cops, Bureau of 


Plant Industry. 


In 1916 studies at the laboratory of the Bureau of Fisheries, Woods 
Hole, Massachusetts, showed that sandy beaches, far from being 
utterly barren, carry a comparatively rich fauna of microscopic organ- 
isms. What biological and economic réle these organisms may play is 
little known. Conceivably they may be more important than would 
at first be suspected. Recall that many larger aquatic organisms, 
at one period or another, may pass a certain amount of time on the 
bottom. During this sojourn their relationship to the microscopic 
inhabitants of the sand, mud, etc. constituting the bottom, is a matter 
about which we know very little, but it is easy to imagine that some- 
times the relationship may be important. Again, the sand- and mud- 
inhabiting organisms themselves may be temporary stages (eggs, 
larvae) in a varied life history. 

Such thoughts led to a stratigraphic examination of marine beach 
sand at Woods Hole, August, 1928. A small sheet-metal box, 10 
centimeters square, carrying a series of thin metal slides was devised, 
such that by its aid layers of sand 5 mm. thick, lying one above another 
in series, could be collected (Figs. 1 and 2). In each of two collec- 
tions four such successive horizontal layers were examined for their 
nemas. The results are indicated in the following tables: 

Collection I: Layer No.I topmost 

neds | 


III 
IV 


Collection II: Layer No. I topmost 


Only two collections were made, as the census is a very tedious one. 
It will be seen that the two collections, taken a few yards apart, give 


‘Received April 8, 1929 





200 JOURNAL OF THE WASHINGTON ACADEMY OF SCIENCES VOL. 19, No. 10 


rather consistent stratigraphic numbers; so that we may say, as a result 
of these two examinations, that probably the number of nemas in each 
successive layer decreases, rather gradually at first, but rapidly below 
the third 5 mm. layer; i.e., to a depth of about 15 mm. the sand is 
thickly populated with nemas; below that level the number falls off 
rapidly. The deeper layers contain fewer nemas, and fewer species. 


a0 Sie 


Fig. 1. See also Fig. 2. Apparatus for collecting layers of sand and mud on beaches, 
mud flats, and at the bottom of ponds, lakes and seas. The unassembled apparatus is 
shown at the left; its use in collecting is explained in the successive illustrations in Figs. 
1 and 2, reading from left to right. All the operations except the last must be performed 
at the time of collecting. The last operation may take place in the laboratory. The 
rectangular collecting box, with two sides missing, is forced into the sand or mud. The 
two missing sides (gate and loose bottom) are then inserted, as shown above. To insert 
the loose bottom the adjacent sand is pawed away. 












































Fig. 2. See also Fig. 1. After the sample of sand is removed from the bottom, it is 
placed in a holder having three thin metal slides (1, 2, 3), that can be forced through the 
sand parallel to each other, thus cutting it into four layers;—in this case each layer is 
5mm. thick. After the slides are forced home, as shown at the right, the loose bottom of 
the box is removed, disclosing the lowest layer of sand,—5 mm. thick. This is washed 
into a beaker and treated as desired. The top of the box has fine perforations in order to 
allow the supernatant water to escape without disturbing the top layer of sand or mud. 
To prevent the possible escape of small organisms, this perforated top may be further 
covered with the finest bolting silk, stretched on. 


Averaging the figures from the two collections mentioned above, 
it will be seen that, if they are typical collections, the beach sand 
examined carried about 3,742,000,000 nemas per hectare in the top 
20 mm., or about 1,500,000,000 per acre. In 1916, but earlier in the 
summer, an examination of the same beach showed at least 1,040,000,- 
000 per acre in the topmost inch of sand. 
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PROCEEDINGS OF THE ACADEMY AND AFFILIATED 
SOCIETIES 


PHILOSOPHICAL SOCIETY OF WASHINGTON 
987TH MEETING 


The 987th meeting was held in the Cosmos Club Auditorium, March 2, 1929. 

Program: A. Q. Too: On the relation between the refractivity and the annealing 
of glass. By extending investigations which have been the subject of previous 
reports it has been found that the refractivities of glasses are materially 
influenced by the effective annealing temperature.' The influence of this 
temperature on the refractivity is not confined to the higher annealing tem- 
peratures alone but also extends throughout the whole of the practical 
annealing range. In this range equal reductions in the effective annealing 
temperature produce practically equal increments in the refractivity of a given 
glass. In many cases this linear relation appears to extend well below the 
lower limit of practical annealing but the time required for the glass to reach a 
physico-chemical equilibrium at such temperatures makes a thorough investi- 
gation difficult. 

The increases in refractivity per degree Centigrade decrease in the effective 
annealing temperatures have been determined for a number of glasses and 
include the following: Medium Flint, 0.000024; Dense Flint, 0.000036; 
Soda Lime Crown, 0.000032; Borosilicate Crown, 0.000048; Light Barium 
Crown, 0.000047; Barium Flint, 0.000030. 

These values are strictly applicable only to the melts for which they were 
determined and may also be subject to some slight modification as the investi- 
gation proceeds. They show, however, that the refractivity of a glass which 
is annealed according to a schedule chosen for its speed and efficiency in the 
case of small pieces may differ by at least one in the third decimal from that of 
the same glass annealed according to a schedule which is efficient for very large 
pieces. 

Any refractivity increase caused by a reduction of the effective annealing 
temperature can be obliterated by reannealing the glass according to a 
schedule which will increase that temperature to its original value. In other 
words these changes in the refractivity are reversible and as a consequence the 
refractive index of a glass can always be readjusted, within narrow limits, 
by reannealing. (Author’s abstract.) 

I. C. GarpnzER: The optical depth gage. This instrument is analogous to 
the self-contained coincidence-type military range finder except that the two 
optical systems united by the coincidence prism are microscopes instead of 
telescopes. The magnifying power is approximately 90 diameters and the 
axes of the two systems are inclined to each other at an angle of 25°. A 
range finder coincidence-prism provides a circular field divided by a diameter. 
The images formed by the two microscopes are brought into the two halves of 
the field respectively, and are so focused that the dividing line and images are 
without parallax. 


1 The effective annealing temperature resulting from any annealing schedule is that 
temperature corresponding to the physico-chemical equilibrium condition which most 
nearly resembles the particular condition produced in a glass by the annealing. These 
equilibrium conditions, which vary with the temperature and are reversible, are never 
actually reached by ordinary annealing procedures although at times they may be 
closely approached. 
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When an object is at the intersection of the two optical axes the images 
formed by the two microscope objectives are in coincidence at the center of 
the dividing line. Suitable fine adjustments are provided for bringing the 
two halves of the field into this relative position with precision. If the object 
is displaced along the line of sight by as little as 3 or 4 microns, it is detected 
by the lack of coincidence of the two fields. One therefore has an optical 
depth gage with a working distance between objective and object of approxi- 
mately 50 mm., and with the probable error of a single observation of a 
displacement in the line of sight not greater than3of 4microns. By having 
the instrument suitably mounted with precision ways, such as are used with 
the comparator or traveling microscope, displacements normal to the line of 
sight can be measured in the usual manner. The present instrument has been 
designed to be used for the measurement of internal screw threads and for this 
purpose it is provided with a special nose piece carrying an objective prism 
and an opaque illuminator of normal design. It can be used for any purpose 
- where accurate measurements in the direction of the line of sight, as well as 
normal to it, are desired. As there is no physical contact between the instru- | 
ment and the surface to which the measurement is to be made, it is particularly 
applicable to measurements where the pressure due to physical contact of the 
more usual methods introduces deformation which prevents the attainment of 
the desired precision. (Author’s abstract.) 


988TH MEETING 


The 988th meeting was held in the Cosmos Club Auditorium, March 16, 


1929. 
Program: Wiiu1aM J. Peters: Compass and dip circle deviations caused 


by harmonic motion. Analyses of magnetic results in the vicinity of inter- 
sections of the tracks of the Carnegie have confirmed the existence of syste- 
matic errors, such as had been anticipated as a consequence of different 
conditions of the motion of the vessel on the different tracks. Studies of the 
effects of simple harmonic motion of the magnetic instrument upon its own 
results have been made, but so far as investigated, no corrections based upon 
theory alone can be considered adequate or reliable. it might be found, 
eventually, that empirical methods will be more practical, but experiment and 
theory will aid in developing these methods. Experiments have been made 
in the Standardizing Observatory of the Department of Terrestrial Magnetism 
with compasses mounted in a wooden swing which is constrained to move like 
a pendulum in vertical planes without twisting, and the following facts have 
been noted: (a) When the vertical plane of the swing’s motion is N-S, that is, 
when the axle of the swing is E-W, oscillations of the compass may be seen but, 
generally speaking, they are small and the mean reading of the lubber-line 
will not differ materially from the mean reading when at rest. (b) When the 
axle is lying N-S, oscillations are usually seen, sometimes quite large, but the 
mean reading again is nearly the same as at rest. (c) When the axle is lying 
in any other direction and notably in an intercardinal direction, the mean 
reading of the lubber-line when the swing is in motion will usually differ 
from the readings taken when the swing is at rest and hence give rise to 
deviations which seem to be fairly permanent so long as the amplitude of the 
motion of the swing remains constant. (d) The deviations for axle NE-SW 
will have an opposite sign to the deviation for axle SE-NW. (e) The sign of 
the deviation and its magnitude are peculiar to each compass. (f) The 
magnitude of the deviation and the amplitude of the card oscillations increase 
with the amplitude of the swing and the radius. 
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In the early stages of these experiments before the wooden swing was 
constructed it was assumed that the deviations could be explained entirely by 
the “dynamic deviations,” which had been investigated and so named by 
Bidlingmaier. Applying Langrane’s equation of motion to the ship and the 
instrument on board, he deduces a general expression for the deviation, 5, in 
the form of five factors, 6 = N-S-I-P-L, which he designates as the numerical, 
the ship, the instrument, the period and the direction factor. Computed 
for compass Ritchie 39670, as in the wooden swing oscillating 11° either side, 
5 = —0.05 which has the opposite algebraic sign and is less than 2 per cent of 
the deviation observed. It might be noted also, that 6 changes sign only with 
the period factor for any one heading, that is, it changes only as the compass 
period is greater or smaller than the ship period whereas about half of the 
experiment results have opposite signs while no compass has a period smaller 
than that of the swing, 3} seconds. 

It appears therefore that Bidlingmaier’s dynamic deviations, which are 
based upon an eccentric center of mass in the magnet, are modified or masked 
by conditions other than he considered. 

Oscillations of the compass card at sea caused by the tilting of the card 
under the influence of accelerations of the pivot point in the rolling motion of 
the ship were investigated by Sir William Thomson who called them the 
kinetic equilibrium error. He did not, however, consider the permanent or 
quasi-permanent deviation that might result from these oscillations. Thom- 
son’s kinetic equilibrium error is identical with the tilting error of compases in 
a banking aeroplane which has been investigated by Starling. Let ¢, 
represent the heading counted eastward from north, ¥, the angle of tilt 
positive down to starboard, a, the vertical angle between the plane of the 
horizon and the intersection of the tilted plane of the card with the vertical 
plane of the meridian and b, the angle between the tilted plane and the vertical 
plane of the magnetic meridian. These four quantities are elements of a right 
angled spherical triangle. Also let J, represent the magnetic inclination, and 
F, the total intensity of the Earth’s magnetic field. Then the components of 
F, one along the intersection of the tilted plane with the vertical plane of the 
magnetic meridian and the other perpendicular to this intersection and in the 
plane of the vertical meridian are F cos (I + a), F sin (J + a). The latter 
may be resolved into the components F sin (J + a) sin b, F sin (J + a) cos b. 

The three components F cos (I + a), F sin (J + a) sin b and F sin (J + a) 
cos b may be represented by three mutually perpendicular edges of the paral- 
lelepiped constructed on the vector F and having one face, the upper coin- 
ciding with the plane of apparent level. The compass card is assumed to 
move in and only in this plane and therefore would turn until the magnetic 
axis coincided with the direction of the resultant of F sin (J + a) cos b and 
F cos(I+ a). Adipneedle would move freely only in the plane perpendicular 
to the plane of apparent level and would therefore take the direction of the 
resultant of the two components F cos (I + a) and F sin (J + a) sin b. 
Accordingly if Jy be the observed magnetic inclination tan Jy = tan (J + a) 
sinb. An example of the values of Jy and J shows that Jy — I is negative on 
all headings except Z and W where it is zero for this region of positive mag- 
netic inclination. 

In a similar manner the value of the component H of F in the plane of 
apparent level is derived from the components thus Hy = F [cos* (I + a) + 
sin? (I + a) cos? bj.4 

The angle 6 in the plane of apparent level between this resultant and the 
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intersection with the vertical plane of the magnetic meridian is the devia- 
tion in direction of the resolved field and is given by tan 6 = tan (J + a) 
cosb As illustration of the values of 6, let J = 71°, ¢ = 45° or 225° and ¥ = 
+10° then 6 = +30°, and for y = —10°, 6 = —14°, the mean of which is 
+8°, and this is the deviation that would occur in the mean result of an 
even number of consecutive readings of compass card of negligible mass and no 
damping. 

The deviations indicated in all of the examples are very large. They are, 
however, only the instantaneous deviations of the resolved elements in the 
tilted plane from the normal values at the instant that the apparent level is 
inclined +10° or —10° to the true gravitational level. They are not the 
actual deviations of a compass card, for example, which has a period too 
= and a damping too strong to permit of keeping pace with the oscillating 
field. 

This theory of tilting deviations does not explain the change of sign observed 
in the experiments on the same heading for different compasses nor does it 
explain the difference in magnitude for different compasses. It can only be 
regarded for the present as combining in some way with dynamic deviations to 
account only in part for the observed deviation. 

In comparing the experiment deviations with systematic errors at sea it 
should be noted that for tilting deviations the angle of tilt will be about 
3 or 3 of the angle of roll and also for both dynamic and tilting deviation the 
average roll during a series of magnetic observations is generally somewhat 
= than the roll noted by clinometer as installed on the Carnegie. (Author’s 
abstract.) 

H. B. Maris: The formation of spiral nebulae. Briefly summarized, the 
universe as we know it is made up of about 300;000 groups of stars or nebulae. 
Adjacent groups are separated by a distance equal to roughly 100 times the 
diameter of a single group. The average group is made up of about 40 billions 
of stars which average a little larger and a little brighter than oursun. These 
star groups are moving relative to us with velocities which average something 
over 300 km. per second. There seems to be a certain uniformity of motion 
for most of the groups as they are apparently moving away from a common 
origin. Within each group there seems to be a certain uniformity of motion 
outward away from the center of mass of the group. Finally, there is coming 
to us, out of the vast reaches of space beyond the milky way, a peculiar 
penetrating radiation. This radiation might be produced by temperatures of 
from 1 to 100 billion degrees or it might be produced by atomic collision at 
velocities greater than 3000 km./sec. such as would be produced by electrical 
excitation voltages of 1 to 100 million volts. Perhaps the most astounding 
thing about this radiation is its magnitude, for the total energy flux per cm.” is 
equal to or greater than the total energy flux of heat and light from stars. 

The estimated density of pentrating radiation is 3-10‘ ergs/cm.* or one 
tenth that of star light on earth. However, we are situated near the center 
of a star group and out beyond this group in inter-glactic space the total 
energy of star light is probably less than that of the penetrating radiation. 
In other words, the activity involved in producing this penetrating radiation 
which comes to us apparently from nowhere is as great or greater than the 
total activity of the stars in producing light and heat. The formation of 
nebulae, the movement of stars along the spiral arms away from the center of 
the nebulae and the possibility of emission of penetrating radiation from 
the nebulae are discussed in the following paragraphs. 
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The velocity of escape from the average spiral nebulae is about 100 km. 
per second. This is true whether the escaping mass is a star of mass 10* 
grams or a single molecule. A nebula moving through space will then sweep 
up scattered molecules of space and leave a decreased density in its wake. If 
we assume the space density estimated by Eddington and that our galaxy 
sweeps out a cylinder of space with a radius of 14 thousand light years at a 
velocity of 400 km. per second its mass would be doubled by the pick-up in 
100 million years. The walls of such a hole in space would spread away from 
the center and in spreading would form clouds of low luminosity. If the 
radius of the hole left behind by a nebula were 300 light years the action of 
gravity would be so weak the hole would close by diffusion. Likewise if the 
density of mass in space were 10-*° as assumed by Jeans, a hole of radius 14 
thousand light years would be closed by diffusion. 

The walls of a cylinder of radius 1.3-10-*! em. swept out of space of density 
10-* will acquire an outward velocity of 2 km./sec. in 10 years. The velocity 
will be 70 km./sec. when the radius of the expanding cylinder is doubled and 
500 km./sec. when the radius is equal to the radius of the galaxy. This is 
apparently a sufficient explanation of both the high velocities observed among 
nebulae and their apparent motion away from a common center. 

A gaseous sphere with a radius of 9.10% cm. and with original density 
10-*° gm./em.* _ (Jeans estimate) will expand by diffusion to a 50 per cent 
increase in the radius before the velocities of gravity fall will start shrinkage. 
This estimate can probably be considered a maximum for the radius and a 
minimum for the density of a contracting gas sphere. A sphere of radius 
10* em. and original density 10-* (Eddington’s estimate) will likewise 
expand by diffusion to a 50 per cent increase in radius before gravity shrinkage 
will start. The estimate can probably be considered a minimum for the 
radius and a maximum for the density of a contracting gas sphere which 
would form a spiral nebula. The mass of such a sphere would be 4.10** gm. or 
about 1/20000 the mass of our galaxy. 

A sphere of density 10-** and radius 4.4-10% cni. or 46 thousand light 
years would have a mass of 10“, about equal to our galaxy. The outer limit 
of such a sphere would attain a velocity of contraction of 12 km. in 10” years. 
In 50 million years the radius would be reduced to 10” cm., the velocity of 
contraction of the outer rim would be 400 km./sec., and the total energy of 
motion of the mass would be equal to that of the same mass at a temperature 
of 9 million degrees K. The radius would be reduced from 10” cm. to 10” 
cm. in about 3 million years; the velocity of contraction would then be over 
1000 km. per second and the total energy would be equal to a temperature 
energy of 90 million degrees. The actual temperature of the mass, however, 
would probably remain at about the 10,000° estimated by Eddington since 
motion of the outer rim of the nebula 1000 light years away would have little 
effect on the temperature of the center. 

The next decrease of an order of magnitude in the radius of the nebulae 
would be accomplished in 56 thousand years. The velocity of contraction at 
this time would be about 4,000 km./sec. or great enough to give rise to pene- 
trating radiation. The radius of the sphere at this time in its development 
would be 10° cm. or about three thousand light years; the density would be 
3-10-'". The remainder of the contraction would be accomplished in a little 
over 10 thousand years so there would be very little time for cooling or diffu- 
sion of energy. 

If the contracting mass finally reached a density of 1 the radius would be 
equal to the radius of Neptune’s orbit. The force of gravity would be 8-10* 
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or 100,000 times gravity at the earth’s surface. Since the total mass would be 
2-10" that of the sun the pressure at the center would be 101 greater than the 
pressure at the center of the sun. The temperature of adiabatic compression 
would be 10" degrees and the total energy of contraction would be equal to a 
temperature energy of 10 degrees. Light pressure necessary to explode the 
star with a force sufficient to give the component parts outward velocities of 
200 to 300 km. observed in the arms of spiral nebulae would require a tem- 
perature of 10" degrees. Consequently for a time at least the nebulae would 
be in a condition to emit penetrating radiation. (Author’s abstract.) 

Ratpx E. Grsson. A simple volume—temperature relation for liquids. 
If p: is the density of a liquid, p, the orthobaric density of its vapor, 7, the 
critical temperature and K is a constant which is independent of the tempera- 
ture but varies from liquid to liquid, the equation 

log — . — = K ~ 0.31og (1's ~ 7) 
t 
is shown to hold accurately over large ranges of temperature for’ normal 
liquids. The equation is of such general application that its slope (0.3) is 
taken as a function of the normal thermal expansion which is constant for all 
liquids and deviations are attributed to change in molecular association. 

In the light of this hypothesis it appears that the alcohols and acetic acid 
resemble water in that the polymer is less dense than the simple substance. 
By applying the equation to water one may calculate the percentage of poly- 
hydrol in water at any temperature, the heat of the reaction polyhydrol = 
hydrol and the true latent heat of melting of ice. (Author’s Abstract.) 

Oscar 8. Apams, Recording Secretary. 


SCIENTIFIC NOTES AND NEWS 


Helium, 97 per cent pure, is now being produced by the Bureau of Mines 
plant near Amarillo, Texas, at the rate of 30,000 cu. ft. per day, for the use of 
the Army and the Navy. The helium is concentrated from natural gas of the 
Cliffside structure, which contains about 1} per cent by volume. As there is 
only one part of helium in 185,000 parts of the atmosphere, the omens of so 
much helium in natural gas is a decided mystery. 
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